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Abstract 
Two pilot projects were carried out to investigate the effects of sediment remediation. One project was situated in a groyne 
section of the Nieuwe Merwede, a watercourse in the Rhine delta. The second was situated in a creek named Spijkerboor, which 
receives water from the river Meuse. For both sites it was concluded earlier that sediment pollution posed a high risk to the 
ecosystem. The remediations consisted of partial excavation of the contaminated sediments, followed by application of a clean 
layer of sandy material on top of the remaining contaminated sediment. Before and at various times after the remediation, the 
following investigations were carried out: physical-chemical nalyses of sediment, benthic ommunity structure observations, 
bioaccumulation measurements and sediment bioassays. After the remediation, a new silty sediment top layer was formed with 
lower contaminant levels exhibiting a lower toxicity. In the remediated site in the Nieuwe Merwede, chironomids, oligocbaetes 
and nematodes reappeared within 3 -7  months at normal densities, while in the Spijkerboor recolonization by chironomids and 
nematodes proceeded more slowly. After 2 years, in both the remediated sites chironomids and nematodes were present in 
densities much higher than before the remediation. Bivalves showed a low reeolonization rate in both sites. In non-remediated, 
polluted reference sites also a lower sediment oxicity and a nearly comparable recovery of the benthic community was 
observed, probably the result of natural sedimentation of material with lower contaminant levels. Because of the natural 
improvement of sediment quality, the net effects of remediation were negligible in the Spijkboor. For the Nieuwe Merwede, 
after 2 years still lower contaminant levels were observed in the remediated site compared to the non-remediated site, resulting 
in lower bioaccumulation i oligochaetes. However, the contaminant levels in sediment and biota still do not meet all 
r: Paper presented at the 3rd International Symposium on Sediment Quality Assessment--Ecological H zard & Risk Assessment in Aquatic 
Environment: Science and Strategies in Remediation, Restoration and Rehabilitation, Amsterdam 18-19 August 1998. Sponsored by the 
Aquatic Ecosystem Health & Management Society/AEHMS; Institute of Inland Water Management and Waste Water Treatment/RIZA; 
Netherlands Expert Centre on Contaminated Sediments/AKWA and Netherlands Society for Toxicology, Section Environmental Toxi- 
cology/NVT. 
* Corresponding author. Tel.: + 31-320-298411 ; fax: + 31-320-249218. 
E-mail address: p.dbesten@riza.rws.minvenw.nl (P.J. den Besten). 
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environmental quality objectives. Based on the outcome of his study it is recommended that e priority for remedial action s 
made dependent on the rate of natural covering with sediments from the rivers Rhine and Meuse. © 2000 Elsevier Science Ltd 
and AEHMS. All rights reserved. 
Keywords: Sediment contamination; Benthic ommunity; Meiofauna; Macrofauna; Colonization; Bioaccumulation; Sediment bioassays 
1. Introduction 
In the 1970s, millions of cubic metres of highly 
polluted sediments were deposited in the delta of 
the rivers Rhine and Meuse. Heavily polluted, silt- 
rich sediments are found especially in the groyne 
sections of the rivers Rhine and Meuse, in the 
creeks of the floodplain forests of the Biesbosch 
(an important nature-reserve area) and, further 
downstream in the delta, in the deeper parts of 
the Hollandsch Diep and the Haringvliet. In 
1992 research was started to evaluate the risks 
of sediment contamination for the ecosystem. 
Attention was given not only to possible direct 
effects on the benthic community, but also to 
indirect effects that can occur as a result of the 
accumulation of contaminants in foodchains (Den 
Besten et al., 1995). 
During the last 15 years contaminant levels and 
toxicity of suspended solids in the water of the rivers 
Rhine and Meuse dropped considerably (Admiraal et 
al., 1993; Hendriks et al., 1994). Therefore, the ques- 
tion was raised whether the delta would benefit from 
remedial actions. 
From autumn 1995 to spring 1996, two pilot 
remediation projects were carried out simulta- 
neously to investigate whether environmental 
risks can be reduced by dredging polluted sedi- 
ment. One project was situated in a groyne section 
of the Nieuwe Merwede, a watercourse in the 
Rhine delta (Fig. 1). The second was situated in 
a large creek in the Brabantsche Biesbosch. This 
creek, named Spijkerboor, receives water from the 
river Meuse (Fig. 1). The remediations consisted 
of partial excavation of the contaminated sedi- 
ments, followed by application of a clean layer 
of sandy material on top of the remaining 
contaminated sediment (for a detailed description, 
see Van Meel et al., 1997). An extensive moni- 
toring programme accompanied both projects. The 
aim of the investigations was to evaluate the 
recovery of the meio- and macrozoobenthos 
communities, and to compare pollution-related 
effects before and after the remediation. The latter 
was done on the basis of physical-chemical 
analyses of sediment, sediment bioassays and 
bioaccumulation measurements. The present 
paper describes the results of the biological and 
chemical-monitoring programme in the period 
1992-1998. 
2. Methods and materials 
The geographical position of the two pilot remedia- 
tion sites is shown in Fig. 1. Upstream of both pilot 
remediation sites, one or more reference sites were 
chosen to follow sediment quality development in the 
non-remediated situation. In each site a number of 
different sampling points were chosen (Fig. 1). At 
each sampling point sediment was collected for 
chemical analyses, bioassays and a survey of the 
macro- and meiofauna. Sampling was carried out in 
1992, 1993, 1995, 1997 and 1998, in early spring 
(March and April) each year, because the aim of the 
survey was to characterize the macro- and meiozoo- 
benthos community that had survived the previous 
winter. Additionally, directly after the pilot remedia- 
tions (spring 1996), samples for nematode analysis 
were taken in June, August and October 1996; sampling 
was also carried out for a macrofauna survey and bio- 
assays in October 1996. The sediment for bioaccumula- 
tion bioassays was collected in September 1997. 
2.1. Collection of sediment samples 
The sediment samples for chemical analyses, 
macrozoobenthos surveys and bioassays were 
collected with a 0.2x0.3 m 2 box-corer or with 
small corers. For macrozoobenthos studies three 
box-corer grabs (6 1 of top layer sediment each) 
were taken at each sampling point. At the shallowest 
sampling points, 18 grabs were taken with a 65-mm 
diameter corer and pooled to give the same sampling 
area (this procedure in triplicate). The sediment was 
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Fig. 1. Map of the pilot remediation site in the Nieuwe Merwede (a water course in the Rhine delta) nd the pilot remediation site in the 
Spijkerboor (part of the former floodplain forest Brabantsche Bi sbosch, receiving water from the river Meuse). The area of the remediation site 
in the Nieuwe Merwede isapproximately 40,000 m 2, that of the remediation site in the Spijkerboor is approximately 96,000 m 2. Dots represent 
sampling points of the monitoring after he remediations. 
sieved immediately on a 500-p~m mesh sieve after 
which the macrofauna was conserved in 6% formal- 
dehyde. For the analysis of the nematode community, 
a 44-mm diameter corer was used to sample the top 
layer material from the sediment in a box-corer grab. 
In shallow sites, cores were taken directly from the 
sediment, Eight cores (1.2 1) were transferred to a 
glass bottle, after which the wet sediment was 
mixed gently with 60 ml of 37% formaldehyde and 
stored at 4°C. For the bioassays the 10-cm top layer of 
several cores was pooled and stored in glass bottles or 
PVC buckets at 4°C until use (maximum storage time: 
1 month). 
2.2. Chemica l  analysis (sediment) 
The chemical analyses were carried out as 
described in Den Besten et al. (1995) and Reinhold- 
Dudok van Heel and Den Besten (1999). The contami- 
nant levels were normalized according to the 
approach described by CUWVO (1990) in order to 
compensate for differences in the sorption character- 
istics between sediments; standard sediment was 
defined as having a 25% particle fraction <2 p~m 
and 10% organic matter on a dry weight basis. The 
normalized contaminant levels were compared with 
the Dutch sediment quality criteria. The final 
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sediment classification ranges from class 0 (not 
contaminated) to class 4 (highly contaminated; for 
class 4 sediments remediation can be enforced by 
law) based on the highest classification of individual 
contaminants (Ministry of Transport, Public Works 
and Water Management, 1994). 
• Vibriofischeri (Microtox assay with sediment pore 
water/elutriate); 
• Thamnocephalus plao'urus (sediment pore water 
bioassay with a freshwater crustacean); 
• Brachionus calyciflorus (sediment pore water 
bioassay with rotifers). 
2.3. Survey of macrozoobentos communi~ and 
nematode population 
Macrofauna species were identified according to 
standard literature and nomenclature (see Den Besten, 
1997). Results were presented as abundances (number 
of animals m -), total biomass (calculated from 
biovolume measurements, see Smit and Dudok van 
Heel, 1992; Smit et al., 1993), and/or the number of 
species within different axonomic groups (chirono- 
mids, bivalves, oligochaetes, and the group of the 
more rare species of Trichoptera, Ephemeroptera 
and Plecoptera). For chironomids the incidence of 
mentum deformities (Warwick, 1988) of Chironomus 
species and the ratio between the abundance of Chir- 
onomus larvae and the total of Chironomus and 
Procladius species (CCP index; adapted from 
Warwick, 1991) were used as additional parameters. 
As overall diversity indices, the Shannon-Wiener 
index and the Simpson index were calculated 
(Shannon and Weaver, 1949; Simpson, 1949). Three 
replicates were analysed per sampling point; results 
for variable numbers of sampling points were aver- 
aged to site means. 
Nematodes were extracted from the sediment 
according to the method described by Bongers and 
Van de Haar (1990). Up to 100 specimens were 
identified to species level according to descriptions 
given in standard literature. Results were presented 
as the total abundance (number of animals m-2), the 
number of species and the maturity index (Bongers, 
1990). 
2.4. Effect bioassays 
Sediment oxicity was assessed using bioassays 
with the following species: 
• Chironomus riparius (whole sediment bioassay 
with midge larvae); 
• Daphnia magna (sediment pore water bioassay 
with water fleas); 
The bioassay with Chironomus riparius (duration 
28 days) was performed according to the draft OECD 
guideline for the testing of chemicals (Van de Guchte 
et al., 1993; Den Besten et al., 1995). The following 
end points were used: % hatched eggs, mortality 
during development, % larvae with retarded evelop- 
ment and the mean dry weight of fourth instar larvae. 
For each end point the significance of effects was 
tested by analysis of variance (ANOVA), comparing 
the mean of four test sediment replicates with the 
mean of the reference sediment (sand or silt, 
depending on the sediment ype of the tested sedi- 
ments). In case criteria for performing ANOVA 
were not met (even after transformation) the non- 
parametric Kruskal-Wallis test was used instead 
(Sokal and Rohlf, 1981). The results were classified 
as follows: 
- :  no effect, >75% hatched larvae, mortality/ 
retardation in development -<10%, and effect on 
dry weight --<10%; 
+ : moderate ffect, 50-75% hatched larvae, or 
mortality/retardation n development 10-50%, or 
effect on dry weight 10-25%; 
+ : strong effect, less than 50% hatched larvae, or 
mortality/retardation in development -->50%, or 
effect on dry weight -->25%. 
Only significant differences between test sediments 
and reference sediments were taken into account; 
the resulting classification was based on the most 
sensitive parameter. 
Bioassays with D. magna were carried out in sedi- 
ment pore water according to standard methods for 
sediment oxicity tests as described by Maas et al. 
(1993) and Den Besten et al. (1995). Mortality and 
reproduction were used as end points. Tests were 
performed until three breed releases had been 
observed in the blank (after 14-16 days). The no 
observed effect concentration (NOECmortality) was 
defined as the highest concentration of pore water 
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(in % v/v) in which mortality was -----20%. Reproduc- 
tion was evaluated by calculating the intrinsic rate of 
population growth (rm; Van Leeuwen et al., 1985) and 
testing the difference (in case of a decrease) with the 
rm in the corresponding blank statistically according 
to Williams (1971, 1972). The NOECreproduction was  
defined as the highest concentration of pore water in 
which the rm was not significantly different from that 
found for the blank. The results were classified as 
follows: 
- : no effect, NOECmortahty/reproductio n = 100% pore 
water; 
_+ : moderate effect, 10% < NOECmortality/ 
reproduction < 100% pore water; 
+ : strong effect, NOECmortality/reproductlon ~ 10% 
pore water, or mortality in 100% pore water within 
48 h ->50%. 
The resulting classification was based on the most 
sensitive parameter. 
The bioassay with V. fischeri was performed with 
samples of pore water (see above; for this bioassay no 
filtration after centrifugation) according to Dutch 
Standard Methods (NVN 6516, 1993). The samples 
were tested in duplicate using a range of four pore 
water dilutions (6-45% v/v), by measuring the 
decrease in fluorescence after 5, 15 and 30 min. The 
results were based on the time at which the largest 
effect was observed. The concentration of pore 
water, which gave 20% inhibition of fluorescence 
(EC20), was calculated after correction for changes 
in fluorescence occurring in blanks which were tested 
simultaneously. Finally the toxicity index (TI) was 
calculated: TI = 1/EC20 x 100. The results were clas- 
sified as follows: 
- : no effect, TI < 2; 
+ : moderate ffect, 2 -< TI < 10; 
+ : strong effect, TI -> 10. 
The bioassay with the rotifer B. calyciflorus 
(Rotoxkit'~)was performed with sediment pore 
water (preparation as for bioassays with D. magna) 
according to the Rotoxkit F TM Standard Operational 
Procedure (Creasel, 1990a). The test organisms were 
prepared by allowing cysts to hydrate in dilution water 
for 18-22 h prior to test initiation. Bioassays were 
321 
started by placing newly hatched rotifers in different 
pore water dilutions (0, 6.3, 12.5, 25, 50 and 100% 
v/v). Six replicates with five organisms each were 
used for each pore water concentration and control. 
Living rotifers were counted after 24h in all 
control and pore water dilution replicates. The 
end points used for this bioassay were the 24-h 
LCs0 value and the NOEC. The results were clas- 
sified as follows: 
- :  no effect, LCs0 and NOEC--> 100% pore 
water; 
-+: moderate effect, NOEC or LCs0< 100% 
pore water; 
+ : strong effect, LCs0 < 50% pore water. 
The bioassay with the freshwater crustacean T. 
platyurus (Thamnotoxkit F TM) was performed with 
sediment pore water (preparation as for bioassays 
with D. magna) according to the Thamnotoxkit F TM 
Standard Operational Procedure (Creasel, 1990b, 
1992). Test organisms were prepared by allowing 
cysts to hydrate in dilution water for 18-22 h prior 
to test initiation. Bioassays were initiated by 
placing newly hatched test organisms in different 
pore water dilutions (as for Rototoxkit F'~). 
Three replicates with 10 organisms each were 
used for each pore water concentration and control. 
Living animals were counted after 24h in all 
control and pore water dilution replicates. The 
end point used for this bioassay was the 24-h 
LCs0 value and the NOEC. The results were clas- 
sified using the same criteria as for the Rotoxkit 
F TM bioassay. 
2.5. Bioaccumulation bioassays 
The accumulation bioassays with aquatic worms 
were performed according to the method described 
by Maas et al. (1993). A sediment-water system 
was prepared by mixing 1 1 of sediment with four 
volumes of artificial fresh water (DSW) in a glass 
aquarium after which the sediment was allowed to 
settle for 2 days. The test was initiated by transferring 
20 g of worms to the sediment-water system and 
exposing the organisms for 28 days at 20°C in dark- 
ness. Oligochaetes were obtained from commercially 
cultured stocks. The dominant species were Limnodrilus 
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claparedeianus (family: Tubificidae) and two species 
of the family of Naididae: Pristina idrensis and Homo- 
chaeta naidina. Before starting the bioassays the worms 
were kept on clean reference sediment for 1 month. 
During the test, oxygen concentration, pH, NO2 
concentration, NH4 + concentration and conductivity 
were measured routinely to check whether validity 
criteria were met (Maas et al., 1993). The worms were 
fed minimally by adding 1 ml of 10% Trouvit once per 
week. The bioassay was terminated by washing the 
worms on a 250-~m mesh sieve in tap water, after 
which the worms were placed for 24 h in water from 
the sediment-water st system to allow clearance of gut 
contents. The worms were then transferred toa 200-b~m 
mesh sieve in DSW. Adherent water was removed by 
drying the sieve for 1 rain on filter paper, after which the 
sieve with the worms was weighed. For analysis of 
metals and organic contaminants, worms were trans- 
ferred to polythene and glass vials, respectively, and 
stored at -20°C. Bioassays were performed in dupli- 
cate; for contaminant analysis the worms from two 
bioassays were pooled. At the start of the bioassays, 
unexposed worms (kept on reference sediment) were 
stored for chemical analysis. 
Contaminant analysis in biota (and in sediment 
from accumulation bioassays) included heavy metals 
(Hg, Cd, Pb, Cu, Zn, Cr and NiL polycyclic aromatic 
hydrocarbons (PAHs, 16 standard compounds 
proposed by US-EPA), standard polycyclic biphenyls 
(PCBs) (IUPAC congeners nos. 28, 52, 101, 118, 138, 
153 and 180) and the following chlorinated pesticides 
or related transformation products: pentachloro- 
benzeen (QCB), hexachlorobenzeen (HCB), octa- 
chlorostyrene, hexachlorocyclohexane st reoisomers: 
o~-HCH, [3-HCH, ~-HCH (lindane), dieldrin, endrin, 
heptachlor, heptachlorepoxide, o,p~-DDE, p,p~-DDE, 
o,p~-DDD, p,p~-DDD, o,p~-DDT and p,p~-DDT. Trace 
metals were analysed in microwave acid-digested 
samples with atomic absorption spectrometry 
(flame-, HGA- and cold vapour-AAS) according to 
methods previously described in Van Hattum et al. 
(1991, 1996a). After clean up (deactivated alumina 
adsorpfiom column) PAHs were analysed in 
acetone/hexane Soxhlet extracts, using high perfor- 
mance liquid chromatography (HPLC) with fluores- 
cence detection, as described in detail in Wegener et 
al. (1992) and Van Hattum et al. (1998). The PCBs 
and chlorinated pesticides were determined in 
different fractions (deactivated silica column) of puri- 
fied (deactivated alumina column) acetone/hexane 
Soxhlet extracts with gas chromatography with elec- 
tron capture detection (GC-ECD; see Leonards et al., 
1993). Quality control monitoring of the chemical 
analysis included analysis of procedural blanks, 
internal control samples and certified reference 
materials. 
2.6. Triad approach for assessing sediment qualiO, 
(situation before remediation) 
The results of the different surveys, bioassays and 
chemical analyses were interpreted according to the 
Triad approach as described earlier (Den Besten et al., 
1995). Site means for the abundances of taxonomic 
groups, mentum deformities of Chironomus larvae 
and the CCP index were classified by comparison 
with existing criteria, resulting in the score no effect 
( - ) ,  moderate ffect (+) or strong effect (+). The 
criteria were based on the outcome of research in 
clean and moderately polluted reference sites (De 
Poorter et al., 1996; classification criteria published 
previously in Den Besten et al., 1995; Den Besten, 
1997). The criteria used in the present study were 
those specified for stable silty sediment in shallow 
waters (sediment with grain size fraction <63 ~m 
of 10% or more and a water content <50% w/w). 
For the total abundance of nematodes, only one 
criterion was available: the value of 10,000 animals 
m -2 was used to distinguish between strong effects 
(< 10,000 m -2) and no effects (--> 10,000 m-Z). 
Contaminant levels in biota were evaluated by 
comparison with Maximum Tolerable Risk levels 
(MTRs, also named "Maximum Permissible Concen- 
trations or MPCs) for food-chain poisoning of birds. 
These MTRs represent the exposure level at which 
95% of the bird species are protected ('protected' 
meaning that exposure is below the NOEC for a 
certain contaminant in a certain species). The MTRs 
were defined for specific food types (Den Besten et al., 
1995; Den Besten, 1997). Moderate risk (+) is 
concluded when one or more MTRs are exceeded by 
a factor between 1and 10; high risk (+) is concluded 
when the exceedance factor is > 10. 
The Triad evaluation of sediment oxicity was 
based only on the results of the bioassays with Chir- 
onomus riparius, D. magna and V. fischeri (for 
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Table 1 
Results of Triad approach for sediment quality assessment (results are described inmore detail in Den Besten et al. (1995), Kok et al. (1995) and 
Van Hattum et al. (1996b); the Triad assessment was based on monitoring in 10 sampling points for each site). Numbers given are the criteria for 
strong effects as described in Den Besten et al. (1995) and Den Besten (1997): see also Section 2.6. Toxic units of heavy metals, pesticides and 
PAHs were calculated for D. magna by calculating for each contaminant the ratio between the normalized level in standard sediment and the 
NOEC (no observed effect concentration) reported in literature for D. magna; these ratios were totalled for the groups of heavy metals, 
organochlorine pesticides and PAHs. PCBs were not included because the sensitivity of D. magna for toxicity of PCBs is low; instead, the 
ratio of the level of CB-153 in sediment and the critical value for class 2 sediment quality was calculated. The critical value for PCB-153 in 
sediment is a target value aimed to protect against risks via accumulation i food chains (Ministry of Transport, Public Works and Water 
Management, 1994) 
Site Field observations Result of 
indicating strong effects bioassays 
Causal relationships based 
on calculations of toxic units 
from the contaminant levels 
in sediment 
Conclusion of Triad study and 
prognosis of improvement after 
remediation 
Nieuwe 
Merwede 
(1992-1995) 
Spijkerboor 
(1993-1994) 
Low abundance of 
chlronolmds (< 100 n/m-), 
bivalves (<200 n/m 2) and 
nematodes (< 10,000 n/m 2) 
Levels of cadmium, mercury 
and PCBs in bivalves and 
water plants >MTR or 
>10 x MTR 
Low abundance of 
chironomids (< 100 n/m 2) and 
nematodes ( < 10,000 n/m 2) 
Levels of cadmium, mercury 
and PCBs in bivalves >MTR 
or > 10 x MTR 
Strong effects observed 
in the bioassay with 
Daphnia magna: 
moderate toxicity for 
Chironomus riparius 
and Vibrio fischeri 
Strong effects observed 
in the bioassay with 
Daphnia magna: 
moderate toxicity for 
Chironomus riparius 
and Vibrio fischeri 
Mean ~--TUhevavy metals 
=6.3 
Mean ~-TUpemmde s 
= 0.4 
Mean ~.-TUpAHs = 5.4 
Levels of PCB- 153 (used as 
model compound) exceed 
target values more than 40 
times 
Mean Y-TUhevavy metals 
= 3.3 
Mean ~-TUpesnmdes 
= 0.06 
Mean ~-TUeAm = 2.9 
Levels of PCB-153 (used as 
model compound) exceed 
target values more than 10 
times 
High ecological risk caused by 
sediment pollution; risks will 
be decreased after remediation; 
limited re-contamination 
expected (improved quality of 
river Rhine water) 
High ecological risk caused by 
sediment pollution; risks will 
be decreased after remediation 
but increase again due to 
re-contamination (poor quality 
of river Meuse water) 
classification of effects, see Section 2.5). The results 
of the chemical analyses of sediment samples were 
evaluated by comparison of normalized levels of 
contaminants with literature data on toxicity of the 
various compounds in each of the three bioassays 
(see Den Besten et al., 1995; Den Besten, 1997). 
Toxic units (TU) were calculated as the ratio between 
the level of a contaminant and the lowest reported 
NOEC for this compound. Sums of toxic units were 
calculated for the following groups of contaminants 
(as a worst-case approach additivity is assumed within 
these groups): heavy metals, organochlorine pesti- 
cides and PAHs. Sum values (~-~-TUgroup) of individual 
sampling points were averaged to site means. When a 
Y-TUgroup exceeds 1, it is taken as an indication (-+) 
for cause-effect relationships based on the (limited) 
group of routinely analysed contaminants .  ~..-TUgroup 
that exceed the value of 3 are considered as stronger 
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Table 2 
Classification of sediment contamination a d contaminant levels expressed as toxic units before and after pilot-remediations in Nieuwe 
Merwede and Spijkerboor. Number of sampling points: Nieuwe Merwede before remediation n = 10; after emediation n = 4; non-remediated 
site n ----- 3; Spijkerboor before remediation n = 10: after rernediation n = 7; non-remediated site n = 3. Toxic units were calculated as 
described in Table 1. Presented are mean values ± SD 
Parameter Area Situation studied 
Before Seven months One year Two years Non- 
remediation after after after remediated 
(1993/1995) remediation remediation remediation reference 
(1996) (1997) (1998) site (1998) 
Sediment contamination 
class (range) 
TUheavy metal 
TUpAH~ 
TUorganochlonne p stlclde~ 
Ratio of PCB- 153/critical 
value for class 2 sediment 
quality 
Nieuwe Merwede 3-4 0-2 2-3 2-3 4 
Spijkerboor 2-4 
Nieuwe Merwede 6.3 -+ 1.7 
Spijkerboor 3.3 _+1.2 
Nieuwe Merwede 5.4 _+ 2.5 
Spijkerboor 2.9 _+ 0.5 
Nieuwe Merwede 0.38 _+ 0.43 
Spijkerboor 0.06 _+0.01 
Nieuwe Merwede 41.6 -+ 19.5 
Spijkerboor 12.2 _+ 4.4 
0-2 2-3 2-3 2-4 
1.6 + 0.8 1.6 _+ 0.2 1.5 -+ 0.5 3.2 _+ 0.4 
1.4 +_ 0.5 2.0 ± 0.3 1.5 +- 0.2 1.7 + 0.9 
2.6 +_ 0.9 2.5 _+ 1.0 1.6 ± 0.7 2.6 _+ 0.1 
1.7 + 0.3 2.6 _+ 0.3 1.3 -+ 0.5 1.7 _+ 0.5 
0.05 ± 0.004 0.05 ± 0.01 0.05 -+ 0.04 0.14 _+ 0.06 
0.03 ± 0.0001 0.03 ± 0.01 0.08 _+ 2 0.03 _+ 0.01 
5.2 _+ 1.3 4.0 ± 0.7 3.8 ± 2.2 21.2 _+ 10.9 
6.4 _+ 1.7 5.2 +_ 0.5 6.6 +- 1.7 3.7 _+ 0.6 
indicat ions (+)  for causal  re lat ionsh ips  (because 
effects can real ly  be expected at contaminant  
concentrat ions  three t imes or more  above the 
NOEC level).  
The final Tr iad results was obtained by compar ing 
the site scores of  the most sensit ive parameter  of 'field 
observat ions ' ,  o f  'bioassays" and the highest  }-'- 
TUgroup. For combinat ions  of the three categories 
with one or more  ' + ', and at min imum ' -+ ' for 
the other categories,  h igh ecological  r isk caused by 
sediment pol lut ion was concluded. 
2.7. Evaluating the effect of  remedial action 
A compar ison of  sediment qual ity before and after 
the p i lot - remediat ions and in non- remediated sites 
(see Fig. 1) was made using the fo l lowing parameters:  
Sediment contamination: overal l  classif ication; 
toxic units calculated for D. magna or for PCBs, 
the factor by which the Dutch target value for the 
PCB-153 level  in sediment is exceeded (PCB-153 
chosen as indicator  for PCBs;  target value aims at 
the protect ion of top predators against  risks via 
accumulat ion in food-chains).  
• Effects in bioassays: the number  of tests showing 
moderate  or strong effects (classif ied as + or +) ,  out 
of  a total of five different bioassays (see Section 2.4). 
• Macrofauna: abundances, biomass,  incidence of  
mentum deformities of Chironomus larvae, CCP 
index, species diversity of different taxonomic 
groups and overall diversity indices (see Section 2.3). 
• Nematodes: total abundance,  species diversity and 
the maturity index (Bongers, 1990). 
• Bioaccumulation: contaminant  uptake measured in 
the accumulat ion bioassay with oligochaetes, 
evaluated by compar ing remediated and non-reme- 
diated sediment, and by compar ing the contaminant 
levels in the ol igochaetes with MTRs  for foodchain 
poisoning (see also Section 2.6; Den Besten et al., 
1995; Den Besten, 1997). 
The results are presented as site means-+ SD or as 
ranges. The differences were tested by ANOVA and 
Student 's  t-test. 
3. Resu l ts  
The select ion of the pi lot remediat ion sites in the 
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• Abundance chironomids [ ]  Abundance oligochaetes 
• Abundance bivalves [ ]  Abundance nematodes ('100) 
A" 
v 
c 
< 
3000 
2500 
2000 
1500 
1000 
500 
"8 
T-O 3 months 5 months 
Nieuwe Merwede 
7 months 12 months 24 months 24 months 
non-remediated 
30O0 r~ 
2500 
2{300 
1500 ~~ 
~ 1000 
5OO 
0 - -  
%0 3 months 
Spijkerboor 
5 months 7 months 12 months 24 months 24 months 
non-remediated 
Time before/after remediation 
Fig. 2. Results of macro- and meiofauna surveys before and after pilot remediations in the Nieuwe Merwede and Spijkerboor. Bars represent 
mean values for variable numbers of sampling points (for macrofauna each sample in triplicate): Nieuwe Merwede before remediation n = 10: 
after remediation n = 4; non-remediated site n = 3; Spijkerboor before remediation n = 10; after remediation n = 7; non-remediated site n = 
3. For the monitoring 3 and 5 months after the remediations only meiofauna (nematodes) was investigated. 
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Nieuwe Merwede and the Spijkerboor was based on 
the outcome of a sediment quality assessment 
according to the Triad approach, the results of 
which are summarized in Table 1. Based on research 
carried out in 1992-1995, for both sites high ecolo- 
gical risks were concluded. Sediment pore water 
caused strong effects on the water flea, D. magna. 
The bioassay with D. magna appeared to be more 
sensitive than the tests with Chironomus riparius 
and V. fischeri (not shown). Strong effects were also 
observed in the bioassays with Thamnocephalus and 
Brachionus (not included in Triad evaluation). The 
calculations of toxic units for D. magna indicated 
that the levels of heavy metals and PAHs in particular 
are high enough to cause ffects in the bioassay with 
this species (Table 1). 
The removal of polluted sediments and capping of 
the remaining deeper sediment with clean sand was 
carried out between autumn 1995 and spring 1996. In 
the first 6 months after the remediations the sediment 
top layer remained sandy, but after 1 year in both sites 
a top layer of several centimetres of silty sediment had 
formed. In Table 2, a comparison is made between the 
degree of sediment contamination (classified 
according to the Dutch criteria for sediment quality) 
before and after the pilot remediations. The contami- 
nant levels were lowest immediately after he clean 
up, while 1 year later, class 2 to 3 levels were again 
found. However, in comparison to the class 4 levels 
before the remediations, and especially considering 
the lower number of contaminants on which the clas- 
sification was based, the sediment remained less 
polluted. A decrease in the sediment contaminant 
levels of non-remediated sites was also bserved. In 
the Spijkerboor creek in 1998 comparable values were 
found for the sums of toxic units in the sediment of the 
remediated and the non-remediated site (Table 2). By 
contrast, in the remediated site in the Nieuwe 
Merwede toxic unit values remained lower than in 
the non-remediated site (Table 2). The net reduction 
(comparing the remediated site with the non-reme- 
diated site for the year 1998) was about 50% for 
heavy metals, nearly 40% for PAHs and 64% for 
organochlorine pesticides. The net reduction in the 
level of PCBs was 82% (based on levels of CB-153). 
Table 3 summarizes the results of the bioassay 
studies. In the period 1996-1998 it was found for 
both the remediated and the non-remediated sites 
327 
that per sampling point, only one bioassay out of 
five tests showed a strong effect (cf. per sample up 
to three bioassays gave a strong response in the 
experiments performed in 1993/1995). The strong 
bioassay response was observed either in the test 
with Daphnia or in the one with Thamnocephalus, 
both crustacean species. The bioassays with Chiro- 
nomus riparius and V. fischeri showed moderate sedi- 
ment toxcity in a limited number of sampling points, 
but no responses were observed in the bioassay with 
the rotifer B. calyciflorus. When moderate ffects are 
included, a maximum of two bioassays howed an 
effect in the same sampling point from the remediated 
sites, while two or three bioassays responded in the 
non-remediated sites of the Spijkerboor and the 
Nieuwe Merwede (cf. up to four bioassays before 
the remediation; Table 3). 
The changes in the abundances of the different 
taxonomic groups of macrofauna re shown in Fig. 
2. A rapid recolonization was observed for chirono- 
mids, oligochaetes and nematodes in the remediated 
site in the Nieuwe Merwede (for nematodes within 
3 months). After 7 and 12 months the abundances of
the chironomids and nematodes were already much 
higher than before the remediation (cf. Table 1). 
However, in the non-remediated site the abundances 
in 1998 were higher than before the clean up (Fig. 2). 
The abundance of bivalves showed a continuous 
increase over the period 1996-1998. In the reme- 
diated site of the Spijkerboor after 7 months only 
oligochaetes were present at a normal abundance. A 
continuous increase in abundance of chironomids, 
bivalves and nematodes occurred from 1996 to 
1998. Two years after the remediation of the site in 
the Spijkerboor, the abundances of chironomids and 
nematodes were much higher than before the remedia- 
tion. However, these changes were also observed in 
the non-remediated site (Fig. 2). 
In Table 4 a comparison is made between the situa- 
tions before and after the remediations for other 
macrofauna parameters. Additional information 
about species composition is given below. The differ- 
ences in the abundance of macrofauna between the 
remediated and non-remediated sites described 
above are reflected by differences in the biomass of 
the different macrofauna groups. Species diversity 
within the group of chironomids showed an increase 
in both the remediated and non-remediated sites, and 
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to a larger extent in the Nieuwe Merwede than in the 
Spijkerboor (Table 4). Before the remediations the 
low abundance of chironomids in the Nieuwe 
Merwede and the Spijkerboor was dominated by 
Procladius sp. In the case of Nieuwe Merwede, Chir- 
onomus acutiventris and Chironomus bernensis were 
also found. In the remediated site of the Nieuwe 
Merwede, 7 months after the remediation, the latter 
two species and Chironomus nudiventris had become 
relatively abundant (more than t00 m-2). Two years 
after the remediation, Chironomus acutiventris and 
Chironomus bernensis were still found at relatively 
high abundances, together with Polypedilum bicre- 
natum and Procladius sp. The incidence of mentum 
deformities determined in the survey of 1998 was 
higher in the non-remediated site than in the reme- 
diated site, but the difference is not statistically signif- 
icant (p>0.05; Table 4). In the Spijkerboor 
especially Einfeldia carbonaria had reappeared 
7 months after the remediation. Two years later the 
chironomids were still dominated by this species, 
while in addition low abundances of C~ptochiro- 
nomus sp, with Polypedilum bicrenatum and Procla- 
dius sp, were found. The absence of Chironomus 
species in Spijkerboor is also seen by the low CCP 
index (Table 4). 
For oligochaetes, the situation in the Nieuwe 
Merwede and the Spijkerboor before and after reme- 
diation showed no differences with regard to the 
number of species (Table 4) and the species composi- 
tion. In all cases, the oligochaetes were dominated by 
Limnodrilus hoffmeisteri, Limnodrilus clapare- 
deianus, Potamothrix motdaviensis and Tubificidae 
without hair cetae. Also for bivalves, the number of 
species 2 years after remediation was comparable 
with the situation before remediation (Table 4). 
Seven months after the remediations in the Nieuwe 
Merwede and the Spijkerboor, different Pisidium 
species were found at very low densities (Pisidium 
casernatum/casernatum f. plicata, Pisidium moites- 
sierianum, Pisidium supinum). Two years after the 
remediations the species composition was comparable 
to that in the non-remediated sites, although a few 
species were absent (Table 4). 
Results of calculations of more general indices for 
species diversity (including all taxonomic groups 
investigated, e.g. gastropods), such as the Simpson 
and the Shannon-Wiener indices, indicate minor 
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differences between the remediated and non-reme- 
diated situation in the Nieuwe Merwede. For Spijker- 
boor a somewhat higher mean value of the Shannon- 
Wiener index was found for the remediated site, 
whereas the Simpson index was lower (both changes 
indicating a higher diversity). In addition, the 
Simpson index was considerably lower in both the 
remediated and non-remediated site when compared 
to the situation in 1993 (differences ignificant at 
p < 0.05; Table 4). Interestingly, the remediated site 
in the Spijkerboor was the only site where in 1998 
species of the Ephemeroptera (mayflies) were found. 
The results of the nematode surveys are as follows. 
Three months after the remediations in the Nieuwe 
Merwede and the Spijkerboor (June 1996), respec- 
tively, 22 and 15 nematode taxa were found (mean 
values; cf. 17 and 25 before the remediation). In 1998, 
in the remediated site of the Nieuwe Merwede on 
average 24 taxa were found, which was higher than 
in the non-remediated site (11 taxa) and also higher 
than before the clean up. In comparison to the non- 
remediated site more nematode species were found 
that are regarded as sensitive to disturbance, and a 
more complete trophic structure was present, with 
omnivorous, carnivorous and fungivorous pecies 
being present. Species belonging to the family of 
Tripylidae were present in all samples from the reme- 
diated site, but not in samples from the non-reme- 
diated site. This shift in species composition is also 
reflected in the maturity index, which tended to be 
higher in the remediated site (in 1998: ranging 2.5- 
2.8, compared to 2.1-2.6 for the non-remediated site). 
In the Spijkerboor, in 1998, comparable numbers of 
nematode taxa were found in the remediated and the 
non-remediated site (20-21 taxa). However, in the 
Spijkerboor marked differences in species composi- 
tion were observed. After the remediation the relative 
abundance of the nematodes belonging to the family 
Halaphanolaimidae (genera Aphanolaimus and Para- 
phanolaimus) decreased from more than 20% to 
values below 5%, while in the non-remediated site it 
remained higher than 20%. Within this group, the 
genus Paraphanolaimus reacted strongly (from 15% 
before to < 1% after the remediation, in October 1996 
and April 1997, followed by an increase to 3% in 
April 1998). The maturity index, however, showed 
no differences between the remediated and the non- 
remediated site in the Spijkerboor: in 1998 the 
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Fig. 3. Results of 28-day accumulation bioassays with oligochaetes. Bars represent levels in oligochaetes from remediated sediment as percent 
of levels in oligochaetes from non-rernediated sediment (mean % _+ SD). For each site, sediment from three sampling points was tested. The 
sum PAHs consists of 13 individual PAHs that were measurable above detection limit; organochlorine pesticides listed in Methods but not 
shown here were below detection limit. 
observed ranges for the two sites were 2.3-2.8 and 
2.5-2.7, respectively. 
In September 1997 (18 months after the pilot reme- 
diations), bioaccumulation i  oligochaetes in sedi- 
ment from the remediated sites was compared with 
contaminant uptake from non-remediated sediment. 
In sediment from the remediated site in the Nieuwe 
Merwede, bioaccumulation was lower compared to 
the non-remediated situation (Fig. 3 and Table 5). 
However, the levels of Cd, Hg and PCB-153 (as 
an indicator for the accumulation and risks of the 
group of toxic, planar PCBs) still exceeded 
maximum tolerable risk levels for food chain 
poisoning (Table 5). 
4. Discussion 
The pilot remediation projects in the Nieuwe 
Merwede and the Spijkerboor were set up for various 
purposes, part of them being technical, ogistical and 
so on, in preparation for a possible large-scale clean 
up operation in the delta of the rivers Rhine and 
Meuse. It was realized at the start of the projects 
that it would be extremely difficult to remove all 
contaminated sediment from a site. In the case of 
the project in the Nieuwe Merwede there was also 
concern about he possibility of increased infiltration 
of contaminated water after the removal of thick 
layers of silt (Van Meel et al., 1997). For these reasons 
it was decided to remove only part of the contami- 
nated sediment and to cap the remaining contamina- 
tion with clean sand. With regard to the risks for the 
ecosystem such an approach can be successful when 
enough clean material is supplied, ensuring that there 
will be no mixing of old and fresh layers of sediment 
as a result of erosion processes or bioturbation. 
Direct influence of the remedial actions was related 
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Table 5 
Risk assessement based on bioaccumulation bioassays with sediment from pilot remediations in Nieuwe Merwede and Spijkerboor. Only 
contaminants are shown which (nearly) exceed MTR criteria. Mean MTR-exceedance values are based on chemical analyses performed on 
material from three sampling points (September 1997) 
MTR a Level in oligochaetes/MTR 
(l~g/kg w/w) 
Nieuwe Merwede. Nieuwe Merwede, Spijkerboor, Spijkerboor, Reference sediment 
remediated sediment non-remediated remediated non-remediated (oligochaete culture) 
sediment sediment sediment 
Cd 6 20.8 72.8 48.9 53.4 7.3 
Hg b 13 5.9 13.7 5.1 4.3 2.0 
PCB-153 ~ 4 4.5 8.6 4.3 3.0 0.5 
HCB 69 0.05 0.05 0.06 0.03 <0.01 
p,pl-DDE 21 0.11 0.12 0.05 0.05 0.03 
p,pI-DDD 15 0.14 0.25 0.08 0.08 0 
a MTR = maximum tolerable risk level for risk of food chain poisoning of birds. MTRs are based on literature data of toxicity experiments 
with birds: final MTRs were corrected for food type (assimilation efficiency) and energy content (Den Besten et al., 1995; Den Besten 1997). 
b Risk assessment for mercury is based on the assumption that accumulated levels are present as methyl-Hg. 
c PCB-153 is used as guiding compound for the more toxic planar PCBs (De Boer et al., 1993; Den Besten, 1997). 
to the resuspension of contaminated sediment in the 
water and subsequent water flow to areas close by. 
This led to for example increased accumulation levels 
in freshwater mussels (Pieters, 1995). This effect may 
have been stronger in the Spijkerboor than in the 
Nieuwe Merwede, because of the higher current velo- 
cities in the latter watercourse. 
The (net) positive ffect of the remedial actions will 
clearly depend on the quality of the suspended solids 
carried by the river that will form the new top layer of 
the sediment, hereby recontaminating remediated 
sites. Especially for the Nieuwe Merwede, a limited 
recontamination was expected after the remediation. 
However, the results of the monitoring programme 
after the clean-up show that in both sites, within 
1 year the levels of some contaminants in the sedi- 
ment had increased to class 3 levels again, although 
they remained lower than before the clean-up. These 
findings are in agreement with levels of contaminants 
measured routinely in suspended solids from the 
rivers Rhine and Meuse which vary between classes 
1 and 3 (Den Besten, 1997; Van Eck et al., 1997). This 
means that not all contaminants in newly formed sedi- 
ment can meet he quality criteria for minimal protec- 
tion of all species theoretically present (when class 1 
quality is achieved, a theoretical 95% of the species i  
protected based on single compound evaluations as 
described by Aldenberg and Slob, 1991). The net 
effect of remediation in the Spijkerboor may be 
lower than in the Nieuwe Merwede because erosion 
by wind and as a result of shipping activities may 
result in a stronger exchange of sediment between 
the remediated and the non-remediated site than is 
the case in the Nieuwe Merwede. 
In addition, the net postive ffect of the pilot reme- 
diations in the Spijkerboor and the Nieuwe Merwede 
is lower than expected as a result of the natural 
improvement of sediment quality in the non-reme- 
diated sites. The influence of 'natural' improvement 
in the non-remediated site of the Nieuwe Merwede is 
not expected to be as strong as in the non-remediated 
site of the Spijkerboor because rosion/sedimentation 
rates in the groyne sections of the Nieuwe Merwede 
are low (sedimentation rates were high in the 1970s 
until an equilibrium between sedimentation and 
erosion was reached, see Den Besten et al., 1995). 
In addition, bioturbation may result in a mixing of 
the top layer with deeper layers, which in the case 
of the Nieuwe Merwede are highly polluted. 
For the evaluation of the improvement of sediment 
quality, a selection was made of parameters from the 
sediment quality Triad. In the case of bioassay 
responses, the sediment toxicity was evaluated by a 
larger number of tests than in the standard Triad 
approach. The effects observed in the bioassays 
were presented as the number of tests (or species) 
giving a moderate or strong response. It can be argued 
that this approach can be related better to the method 
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by which the Dutch criteria for contaminant levels are 
derived (e.g. the criteria that need to be met for class 1 
quality are based on the aim to protect 95% of the 
species in the aquatic environment, see above). 
Although the decrease of sediment contamination 
from class 4 to class 3 indicates only a limited 
improvement, the observations made with the battery 
of bioassays indicate a decrease in the number of 
bioassays howing effects in the newly formed sedi- 
ment. This is in accordance with earlier observations 
indicating that the quality of suspended solids of the 
rivers Rhine and Meuse has improved considerably 
over the last decades, resulting in a decreased toxicity 
of samples from surface waters (see Den Besten et al., 
1995). Taking together bioassays that showed 
moderate or strong effects, a tendency of increasing 
toxicity in time after the remediations was observed 
(from 0-1 to 1-2 bioassays howing response). The 
pilot remediation i the Nieuwe Merwede resulted in a 
slightly better sediment quality in comparison to the 
non-remediated situation (in the latter 2-3 bioassays 
gave a response). The bioassay with D. magna 
appeared to be the most sensitive test; indeed the 
calculations of toxic units indicate that the levels of 
metals and PAHs may not have decreased sufficiently 
to rule out effects on this species. At the same time, for 
continuation of the monitoring programme it seems 
worthwhile to include more sensitive bioassays in the 
battery. 
The observed changes in the abundance (and 
biomass) of chironomid larvae, oligochaetes and 
nematodes uggest a more rapid recolonization in 
the Nieuwe Merwede compared to the Spijkerboor. 
Stream velocities in the Nieuwe Merwede (part of 
the fiver Rhine) are higher than in the Spijkerboor. 
Besides reproduction, drift has been reported to be an 
important mechanism for colonization (Mackay, 
1992). The rate of recovery of the benthic community 
clearly depends on the invertebrate mobility. 
Bivalves, being sedentary organisms, showed the 
slowest recolonization i the present study. Dramatic 
changes of the macrofauna species composition 
within 3 months were also reported by Dudok van 
Heel et al. (1993) who carried out a translocation 
experiment with containers filled with sediment 
from different areas of the Rhine-Meuse delta. In 
the latter study these changes were governed by 
simultaneous changes in sediment characteristics, 
because the sediments were placed in not exactly 
comparable stream conditions. By contrast, in the 
present study colonization by macro- and meiofauna 
was studied during/after the renewal of a silty top 
layer with sediment characteristics comparable to 
the situation before remediation. 
The observations on the macrofauna showed that of 
all parameters studied, especially the abundances and 
species diversity of the different taxonomic groups 
responded to the improvement of sediment quality 
in the remediated and non-remediated sites. The inci- 
dence of mentum deformities could also be a para- 
meter that is sensitive enough, but in the present 
study insufficient numbers of Chironomus larvae 
could be investigated to show significant differences. 
As well, the number of rare insect species (like 
mayflies) may provide a sensitive index. Indices like 
the Simpson index, the Shannon-Weaner index or, in 
the case of the nematodes, the maturity index showed 
only minor changes. Nevertheless, most of these 
changes also indicate an improvement of sediment 
quality. From the nematode surveys it became clear 
that the change in the relative abundance of specific 
families or genera could be useful to indicate changes 
in sediment quality. 
Bioaccumulation i sediment from the remediated 
site in the Nieuwe Merwede was lower than in sedi- 
ment from the non-remediated sites. For most 
contaminants his was not the case for Spijkerboor. 
This can be explained by the fact that the contaminant 
levels in the remediated and non-remediated sediment 
of the Spijkerboor are comparable, whereas this is not 
the case in the Nieuwe Merwede. However, in all sites 
investigated, the levels of Cd, Hg and PCB-153 (as an 
indicator for the accumulation of the group of toxic 
PCBs, see De Boer et al., 1993; Den Besten, 1997) 
still exceed maximum tolerable risk levels for the risk 
of food-chain poisoning. This is consistent with the 
fact that, although after the remediation the PCB-153 
levels in the Nieuwe Merwede sediment have dropped 
by a factor of more than 10 (and a net reduction of 
82% compared to non-remediated sediment), the 
PCB-153 levels in new sediment still do not meet 
the environmental quality objectives (score = class 
2; minimal protection is realized when class 1 levels 
are achieved; the long-term objective is to have class 0 
sediment). 
The results of the biological monitoring i  polluted, 
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non-remediated sites indicate a comparable improve- 
ment of the quality of the sediment top layer as in the 
pilot remediation sites of Nieuwe Merwede and Spij- 
kerboor. An exception seems to be the accumulation 
of contaminants in biota in the Nieuwe Merwede, 
which was considerably lower in the remediated site 
compared to the non-remediated site. The improved 
macrofauna nd decreased sediment oxicity in the 
non-remediated sites are likely to be the result of 
natural sedimentation f material with lower contami- 
nant levels (see comments above). Therefore for the 
long-term development of the Rhine-Meuse delta it 
can be expected for some sites that the risks for the 
ecosystem will decrease without remedial actions. It is
concluded that the priority for remedial action has to 
be based not only on the outcome of risk assessment, 
but also on predictions of the rate by which polluted 
sediment is covered naturally with cleaner sediment 
from the rivers Rhine and Meuse. 
Acknowledgements 
This work was financed by the Directorate of Zuid- 
Holland, Rijkswaterstaat, The Ministry of Transport, 
Public works and Water management. The authors 
would like to thank all persons involved in the exten- 
sive monitoring programme. In particular, Ad Schip- 
peren (Directorate of Zuid-Holland), Loek Knijff and 
Eric Jan Houwing (RIZA) are acknowledged for their 
part in planning and performing the sampling trips. 
Albert van Espeldoorn (RIZA), Lia Kerkum and other 
personnel of AquaSense Laboratory and BLGG are 
acknowledged for their work on the bioassays and the 
nematode and macrofauna nalyses. Personnel of 
Alcontrol (Raamsdonkveer, Netherlands) and the Insti- 
tute for Environmental Studies (Vrije Universiteit 
Amsterdam) are greatly acknowledged for their work 
on contaminant analysis. Finally, thanks are due to 
Thomas Arts (Directorate of Zuid-Holland), Brain 
bij de Vaate (RIZA) and Jan Hendriks (RIZA) for 
their valuable comments on the manuscript. 
References 
Admiraal, W., Van der Velde, G., Smit, H., Cazemier, W.G.. 1993. 
The rivers Rhine and Meuse in The Netherlands: present state 
and signs of ecological recovery. Hydrobiologia 265, 97-128. 
Aldenberg, T., Slob, W., 1991. Confidence limits for hazardous 
concentrations based on logistically distributed NOEC toxicity 
data. Report of the National Health Institute No. 719102002, 
Bilthoven, The Netherlands. 
Bongers, T., 1990. The maturity index: an ecological measure of 
environmental disturbance based on nematode species composi- 
tion. Oecologia 83, 14-19. 
Bongers, T., Van de Haar, J., 1990. On the potential of basing an 
ecological typology of aquatic sediments on the nematode 
fauna: an example from the river Rhine. Hydrobiol. Bull. 24 
(1), 37-45. 
Creasel, 1990. ROTOXKIT F TM. Rotifer toxicity screening test for 
freshwater. Standard Operational Procedure. Creasel, Deinze, 
Belgium (in Dutch). 
Creasel, 1990. THAMNOTOXKIT F TM. Crustacean toxicity 
screening test for freshwater. Standard Operational Procedure. 
Creasel, Deinze, Belgium (in Dutch). 
Creasel, 1992. THAMNOTOXKIT F TM. Crustacean toxicity 
screening test for freshwater. Standard Operational Procedure. 
Creasel, Deinze, Belgium (in Dutch). 
CUWVO (Commission for the Implementation f the Act on Pollu- 
tion of Surface Waters), 1990. Recommendations for the moni- 
toring of compounds of the M-list of the national policy 
document on water management "Water in the Netherlands: a 
time for action". Commission for the Implementation f the Act 
on Pollution of Surface Waters, The Hague, Netherlands (in 
Dutch). 
De Boer, J., Stronck, CJ.N., Traag, W.A., Van der Meer, J., 1993. 
Non-ortho and mono-ortho substituted chlorobiphenyls and 
chlorinated dibenzo-p-dioxins and dibenzofurans in marine 
and freshwater fish and shellfish from the Netherlands. Chemo- 
sphere 26, 1823-1842. 
Den Besten, P.J., 1997. Biotic effects caused by sediment pollution 
in the delta of the rivers Rhine and Meuse (Netherlands). Part II: 
Hollandsch Diep and Dordtsche Biesbosch. Institute for Inland 
Water Management and Waste Water Treatment (RIZA), 
Report no. 97.098, Lelystad, The Netherlands, 144pp. (in 
Dutch). 
Den Besten, PJ., Schmidt, C.A., Ohm, M., Ruys, M., Van Berghem, 
J.W., Van de Guchte, C., 1995. Sediment quality assessment i  
the delta of rivers Rhine and Meuse based on field observations, 
bioassays and food chain implications. J. Aquat. Ecosyst. Health 
4, 257-270. 
De Poorter, L.R.M., Bills, J.M., Kerkum, F.C.M., Van de Guchte, 
C,, 1996. Reference abundances offreshwater benthic fauna as a 
tool in sediment quality assessment. In: Munawar, M., Dave, G. 
(Eds.). Development and Progress in Sediment Quality Assess- 
ment: Rationale, Challenges, Techniques and Strategies, Ecovi- 
sion World Monograph SeriesSPB Academic Publishing, 
Amsterdam, pp. 93-100. 
Dudok van Heel, H.C., Van der Velden, J.A., Wiersma, S.M., 1993. 
Macrofauna development in translocated sediments in the 
Rhine-Meuse delta. Institute for Inland Water Management 
and Waste Water Treatment (RIZA), Report no. 93.022, 
Lelystad, The Netherlands, 124pp. (in Dutch). 
Hendriks, A.J., Maas-Diepseveen, J.L., Noordsij, A., Van der Gaag, 
M.A., 1994. Monitoring response of XAD-concentrated water in 
D
ow
nl
oa
de
d 
by
 [V
rije
 U
niv
ers
ite
it A
ms
ter
da
m]
 at
 14
:46
 25
 O
cto
be
r 2
01
2 
334 P.J. den Besten et al. / Aquatic Ecosystem Health and Management 3 (2000) 317-334 
the Rhine delta: a major part of the toxic compounds remains 
unidentified. Wat. Res. 28, 581-598. 
Kok, A., Mol, J., Den Besten, P.J., Van den Hark, M., Hoender- 
kamp, M., 1995. Pilot remediation Spijkerboor. To monitoring, 
options for remediation, prediction of effects. Report 
WP.R.95001.400, Directorate Zuid-Holland, Rijkswaterstaat, 
Ministry of Transport, Public Works and Water Management, 
Rotterdam, The Netherlands (in Dutch). 
Leonards, P.E.G., Van Hattum, B., Cofino, W.P., Brinkman, 
U.A.Th., 1993. The assessment of planar, mono-ortho and di- 
ortho substituted PCB congeners in different organs and tissues 
of polecats (Mustela putorius L) from the Netherlands. Environ. 
Tox. Chem. 13, 129-142. 
Maas, J.L., Van de Guchte, C., Kerkum, F.C.M., 1993. Methods for 
the Assessment of Contaminated Sediments According to the 
Triad Appoaeh. Report 93.027, Institute for Inland Water 
Management and Waste Water Treatment (RIZA), Lelystad, 
The Netherlands (in Dutch). 
Mackay, R.J., 1992. Colonization by lotic macroinvertebrates: a 
review of processes and patterns. Can. J. Fish. Aquat. Sci. 49, 
617-628. 
Ministry of Transport, Public Works and Water Management, 1994. 
Document with final comments on the national policy document 
on water management: "'Water in the Netherlands: a time for 
action". The Hague, The Netherlands (in Dutch). 
NVN 6516, 1993. Water - -  Determination of acute toxicity with 
Photobacterium phosphoreum. Netherlands Normalization 
Institute, Delft, The Netherlands (in Dutch). 
Pieters, H., 1995. Pilot remediation Biesbosch: active biological 
monitoring in Spijkboor during the remediation - -  1995. 
DLO-Netherlands Institute for Fisheries Research Report 
C014/96. Ijmuiden, The Netherlands (in Dutch). 
Reinhold-Dudok van Heel, H.C., Den Besten, P.J., 1999. The rela- 
tion between macroinvertebrate assemblages in the Rhine- 
Meuse delta (The Netherlands) and sediment quality. Aquat. 
Ecosys. Health Mgmt 2, 19-38. 
Shannon, C.E., Weaver, W., 1949. The Mathematical Theory of 
Communication, The University of Illinois Press, Urbana, IL. 
Simpson, E.H., 1949. Measurement of diversity. Nature 163, 688. 
Smit, H., Dudok van Heel, H.C., 1992. Methodological spects of a 
simple allometric biomass determination of Dreissena poly- 
morpha aggregations. In: Neuman, D., Jenner, H.A. (Eds.). 
The Zebra Mussel, Dreissena polymorpha: Ecology, Biological 
and First Applications in the Water Quality Management, 
Limnology aktuell 4. Gustav Fischer Verlag, Stuttgart, pp. 
79-86. 
Smit, H., Dudok van Heel, H.C., Wiersma, S.M., 1993. Biovolume 
as a tool in biomass determination f Oligochaeta and Chirono- 
midae. Freshwater Biol. 29, 37-46. 
Sokal, R.R., Rohlf, F.J., 1981. Biometry, 2rid ed. W.H. Freeman, 
San Francisco, CA~ 
Van de Guchte, C., Grootelaar, E.M.M., Maas, J.L., 1993. Draft 
OECD guideline for testing of chemicals: chironomid, chronic 
test on larvae in spiked freshwater sediment. Report 93.155X, 
Institute for Inland Water Management and Waste Water Treat- 
ment (RIZA), Lelystad, The Netherlands. 
Van Eck, G.T.M., Zwolsman, J.LG., Saeijs, H.L.F., 1997. Influence 
of compartmentalization on the waterquality of reservoirs: 
lessons learned from the enclosure of the Haringvliet estuary, 
The Netherlands. ICOLD, ix-neuvi6me Congr~s des Grands 
Barrages, Florence, Vol. III, pp. 647-669. 
Van Hattum, B., Timmermans, K.R., Govers, H., 199 l. Abiotic and 
biotic factors influencing bioavailability of trace metals to 
aquatic invertebrates in freshwater ecosystems. Environ. Tox. 
Chem. 10, 275-292. 
Van Hattum, B., Van Straalen, N., Govers, H., 1996a. Trace metals 
in populations of freshwater isopods - -  influence of biotic and 
abiotic variables. Arch. Environ. Contam. Toxicol. 31, 303- 
318. 
Van I-Iattum, B., Burgers, I., Swart, K., Van der Horst, A., Wegener, 
J.W., Leonards, P., Rijkeboer, M., Den Besten, P.J., 1996b. 
Biomonitoring of micropollutants in foodchains of Hollandsch 
Diep, Dordtsche Biesbosch and Brabantsche Biesbosch. Report 
E-96/12, Institute for Environmental Studies, Vrije Universiteit 
Amsterdam, The Netherlands (in Dutch). 
Van Hattum, B., van Curto Pons, M.J., Cid Montafi~s, J.F., 1998. 
Polycyclic aromatic hydrocarbons in freshwater isopods and 
field-partitioning between abiotic phases. Arch. Environ. 
Contain. Toxicol. 35, 257-267. 
Van Leeuwen, C.J., Luttmer, W.J., Griffioeu, P.S., 1985. The use of 
cohorts and populations in chronic toxicity studies with 
Daphnia magna. I: a cadmium example. Ecotox. Environ. 
Safety 9, 26-39. 
Van Meel, P.P.A., Van Hees, J.C., Van der Kooij, L.A., 1997. Pilot 
remediations of sediments of New Merwede fiver and Spijker- 
boor. Preprint book of the International Conference on Contami- 
nated Sediments, Rotterdam, TheNetherlands, pp. 649-656. 
Warwick, W.F., 1988. Morphological deformities in Chironomidae 
(Diptera) larvae as biological indicators of toxic stress. In: 
Evans, M.S. (Ed.). Toxic Contaminants and Ecosystem Health: 
a Great Lakes Focus, Wiley, New York. 
Warwick, W.F., 1991. Indexing deformities in l igulae and antennae 
of Procladius larvae (Diptera: Chironomidae): application to 
contaminant-stressed environments. Ca . J. Fish. Aquat. Sci. 
48, 1151-1166. 
Wegener, J.W.M., Van Schaick, M., Aiking, H., 1992. Active 
biomonitoring of polycyclic aromatic hydrocarbons by means 
of mosses. Environ. Pollut. 76, 15-18. 
Williams, D.A., 1971. A test for differences between treatment 
means when several dose levels are compared with a zero 
dose control. Biometrics 27, 103-117. 
Williams, D.A., 1972. The comparison of several dose levels with a 
zero dose control. Biometrics 28, 519-531. 
D
ow
nl
oa
de
d 
by
 [V
rije
 U
niv
ers
ite
it A
ms
ter
da
m]
 at
 14
:46
 25
 O
cto
be
r 2
01
2 
